To review key trials of monotherapy and combination therapy of a 1 -adrenergic receptor antagonists (a 1 -ARAs), 5a-reductase inhibitors (5aRIs) and anti-muscarinic agents in the treatment of lower urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia (BPH). To assess the safety and efficacy of combination therapies for LUTS associated with BPH, a search of the MEDLINE and Cochrane databases was conducted for relevant trials and reviews using the terms benign prostatic hyperplasia, lower urinary tract symptoms, a 1 -adrenergic receptor antagonists, 5a-reductase inhibitors, anti-muscarinics, anticholinergics, combination therapy, alfuzosin, doxazosin, tamsulosin, terazosin, dutasteride, finasteride, tolterodine, flavoxate, propiverine, oxybutynin, erectile dysfunction, sildenafil, vardenafil and tadalafil. Data from the Medical Therapy of Prostatic Symptoms (MTOPS) study indicated a role for long-term use of a 1 -ARAs and 5aRIs in combination. In the MTOPS study, combination therapy with the a 1 -ARA doxazosin and the 5aRI finasteride was significantly more effective than either component alone in reducing symptoms (P ¼ 0.006 vs doxazosin monotherapy; Po0.001 vs finasteride monotherapy) and in lowering the rate of clinical progression (Po0.001 vs either monotherapy). These findings were confirmed by the 2-year preliminary results of the Combination of Avodart and Tamsulosin study. In this study, combination therapy of the a 1 -ARA tamsulosin and the 5aRI dutasteride resulted in a significantly greater decrease in International Prostate Symptom Score (IPSS) when compared with either monotherapy. Several recent trials have studied the efficacy of combining a 1 -ARAs and anti-muscarinic agents in the treatment of BPH. These studies have found this combination to result in statistically significant benefits in quality of life scores, patient satisfaction, urinary frequency, storage symptoms and IPSS scores. Studies have not shown an increased risk of urinary retention associated with the use of anti-muscarinics in a highly select cohort of men with BPH. The available data suggest that combination therapy can be beneficial in the treatment of BPH and associated LUTS. The greatest efficacy for the a 1 -ARA and 5aRI combination was shown in patients with larger prostate size and more severe symptoms. The combination of a 1 -ARAs and 5aRIs appears to prevent disease progression in these patients. The combination of a 1 -ARAs with anti-muscarinic agents is useful for relieving symptoms of bladder outlet obstruction and detrusor overactivity. Theoretic concerns regarding the risk of acute urinary retention have been refuted in several recent clinical trials; however, it must be noted that the patients in these trials were a highly select cohort of men. Men with overactive bladder and BPH who are not receiving adequate alleviation of symptoms from the first-line a 1 -ARAs may benefit from the addition of an antimuscarinic agent.
Introduction
Benign prostatic hyperplasia (BPH) is a common disease in older men that can result in bothersome lower urinary tract symptoms (LUTS) that decrease quality of life (QoL) by interrupting sleep and daily activities. 1, 2 Owing to availability of effective pharmacological therapies, such as a 1 -adrenergic receptor antagonists (a 1 -ARAs), 5a-reductase inhibitors (5aRIs) and antimuscarinic agents, there has been a gradual shift from surgical to medical therapy for LUTS due to BPH. 3 Until recently, there has been little data on the benefits of combining these classes compared with monotherapy. 4 This article reviews key trials of monotherapy and combination therapy of a 1 -ARAs, 5aRIs and antimuscarinics in the treatment of LUTS associated with BPH.
Data from the Medical Therapy of Prostatic Symptoms (MTOPS) study indicated a role for the long-term use of a 1 -ARAs and 5aRIs in combination. In the MTOPS study, combination therapy with the a 1 -ARA doxazosin and the 5aRI finasteride was significantly more effective than either component alone in reducing symptoms (P ¼ 0.006 vs doxazosin monotherapy; Po0.001 vs finasteride monotherapy) and in lowering the rate of clinical progression (Po0.001 vs either monotherapy). These findings were confirmed by the 2-year preliminary results of the Combination of Avodart and Tamsulosin study. In this study, combination therapy of the a 1 -ARA tamsulosin and the 5aRI dutasteride resulted in a significantly greater decrease in International Prostate Symptom Score (IPSS) when compared with either monotherapy.
Several recent trials have studied the efficacy of combining a 1 -ARAs and antimuscarinic agents in the treatment of BPH. These studies have found this combination to result in statistically significant benefits in QoL scores, patient satisfaction, urinary frequency, storage symptoms and IPSS scores. Studies have not shown an increased risk of urinary retention associated with the use of antimuscarinics in a highly select cohort of men with BPH.
The available data suggest that combination therapy can be beneficial in the treatment of BPH and associated LUTS. The greatest efficacy of the combination of a 1 -ARA and 5aRI was shown in patients with larger prostate size and more severe symptoms. The combination of a 1 -ARAs and 5aRIs appears to prevent disease progression in these patients.
The combination of a 1 -ARAs with antimuscarinic agents is useful for relieving symptoms of bladder outlet obstruction (BOO) and detrusor overactivity (DO). Theoretical concerns regarding the risk of acute urinary retention (AUR) have been refuted in several recent clinical trials; however, it must be noted that the patients in these trials were a highly select cohort of men. Men with overactive bladder (OAB) and BPH, who are not receiving an adequate alleviation of symptoms from the first-line a 1 -ARAs, may benefit from the addition of an antimuscarinic agent.
Methods
To assess the safety and efficacy of combination therapies for LUTS associated with BPH, a search of English language literature indexed in the MEDLINE and Cochrane databases was conducted for relevant trials and reviews using the terms benign prostatic hyperplasia, lower urinary tract symptoms, a 1 -adrenergic receptor antagonists, 5a-reductase inhibitors, antimuscarinics, anticholinergics, combination therapy, alfuzosin, doxazosin, tamsulosin, terazosin, dutasteride, finasteride, tolterodine, flavoxate, propiverine and oxybutynin. The search included clinical trials, meta-analyses, systematic reviews and major review articles. The reference lists of identified articles were then examined for additional publications.
Prevalence and pathophysiology of BPH
The prevalence of histopathologic BPH is age dependent, with prevalence greater than 50% by 60 years of age and as high as 90% by 85 years of age. 1 It is estimated that 50% of men with histopathologic BPH have moderate-to-severe LUTS. 1 The pathophysiology of BPH involves hyperplasia of the epithelial and stromal components of the prostate gland. This results in a progressive obstruction of urine flow through the prostatic urethra. 5 This BOO may induce DO through ischemia, denervation, alteration in collagen content or changes in the electrical properties of detrusor smooth muscle cells. 6 Sympathetic overactivity has also been proposed to contribute to LUTS. 7 
Diagnosis of BPH
The diagnosis of voiding dysfunction due to BPH can be challenging and complicated. LUTS include symptoms related to obstruction (weak urine flow, hesitancy, straining and incomplete emptying) and bladder storage problems (frequency, urgency and nocturia). 8 BPH may progress to produce worsening of symptoms, as well as other complications such as AUR, urinary incontinence, recurrent urinary tract infection, renal insufficiency and the need for surgical intervention. 8 History, physical examination, laboratory and urodynamic tests can be utilized in the diagnosis and characterization of LUTS secondary to BPH. 1 History may reveal other causes for LUTS such as other medical conditions, medications or lifestyle factors. 9, 10 Physical examination should include both a digital rectal examination and a focused neurologic examination. 1 Laboratory evaluation may include a urinalysis to screen for hematuria or urinary tract infection and measurement of prostate-specific antigen in select patients. 11 Patients seek treatment for BPH because the symptoms alter their QoL. Symptom quantification is of critical importance in assessing the severity of the disease, monitoring response to therapy and in detecting progression of disease. 1 Therefore, patients should be assessed with validated questionnaires. The American Urological Association Symptom Index (AUA-SI), which is identical to the seven symptom questions of the IPSS, is regarded as superior to an unstructured interview in quantifying symptom frequency and severity.
Treatment of BPH
Therapy for BPH is generally directed toward the alleviation of LUTS. Patients' symptoms can be stratified into mild, moderate and severe groups, which allow treatment to be directed accordingly. 1 The AUA symptom score index discussed previously is highly useful for this purpose. Patients with mild tolerable symptoms may be managed conservatively by watchful waiting with reassurance and behavioral interventions. In men with BPH, the progression of symptoms is not inevitable and some men may undergo spontaneous improvement or resolution of their symptoms. 13 In a randomized comparison of transurethral resection of the prostate to advice alone, one quarter of the men had disease progression requiring surgical intervention in 3 years.
14 Men with more bothersome LUTS, which interfere with their QoL, may be offered drug treatment. 15 Surgical therapy is usually reserved for patients with intractable symptoms that are refractory to drug treatment or for those in whom drug therapy leads to unacceptable side effects. It is appropriate to proceed directly to surgical therapy in patients with complications due to BPH such as AUR, renal insufficiency, detrusor dysfunction, bladder calculi, urinary incontinence and recurrent urinary tract infection. 4 Discussion of surgical therapies is not in the scope of this review.
Drug therapy for patients with persistent LUTS includes a 1 -ARAs, 5aRIs, antimuscarinic agents, phosphodiesterase type 5 inhibitors (PDE5Is) and combination therapies (a 1 -ARAs plus 5aRIs or a 1 -ARAs plus antimuscarinics). Each of these medication classes has different mechanisms of action, thus combining these agents would seem to be beneficial. This rationale has spurred many clinical trials recently and there have been promising results.
a 1 -Adrenergic receptor antagonists
The a 1 -ARAs are considered first-line agents for the pharmacologic treatment of LUTS secondary to BPH. 1 Available agents include alfuzosin, doxazosin, tamsulosin and terazosin. The AUA Clinical Guidelines for the management of BPH consider all four agents to be equally efficacious, although they have slightly different adverse-event profiles. 1 The use of a 1 -ARAs in the treatment of BPH is based on the hypothesis that LUTS are partially caused by a 1 -adrenergic-mediated contraction of smooth muscle cells that are abundant in the prostate and bladder neck, resulting in BOO. 16, 17 The a 1 -ARAs function by inhibiting smooth muscle tone and improving urinary flow. Unfortunately, the a 1 -ARAs can cause peripheral blockade as well, leading to adverse effects such as postural hypotension, dizziness, headache, nasal congestion, drowsiness and retrograde ejaculation. 15 The older longer-acting a 1 -ARAs, terazosin and doxazosin have more peripheral effects on vasodilation as they were originally developed as antihypertensives. They require dose titration at the initiation of therapy to avoid these effects. Tamsulosin and alfuzosin were more recently developed and they are more selective for the genitourinary tract and do not require the initial dose titration. 4 The a 1 -ARAs have differing effects on the ejaculatory process. Tamsulosin is associated with a significant incidence of ejaculatory dysfunction (EjD), whereas the other a 1 -ARAs are associated with a low incidence of EjD. In one large, multicenter, randomized, double-blind, placebo-controlled study, the incidences of abnormal ejaculation attributable to tamsulosin, 0.4 and 0.8 mg daily, were 8.4 and 18.1%, respectively. No subjects discontinued therapy because of this adverse effect. 18 Conversely, it appears that alfuzosin does not cause EjD. In fact, alfuzosin may even have a beneficial effect on EjD. A recent study demonstrated both reduced erectile dysfunction (ED) and EjD with alfuzosin 10 mg daily. 19 Doxazosin has not been sufficiently studied with respect to EjD. These differing effects of the various a 1 -ARAs on the ejaculatory process have been attributed to their relative affinity for the a 1A , a 1B , a 1D and a 1L subtypes in the spinal cord, brain and pelvic organs. Although the subtypes have not yet been fully elucidated, a 1 -ARAs do appear to play a role in both spinal excitability and in the brain's supraspinal control of ejaculation. 20 The AUA Clinical Practice Guidelines Committee concluded through a meta-analysis that a 1 -ARAs provide beneficial effects in treating BOO and DO due to BPH. 1 These agents have been found to improve BPH-related LUTS by a mean of four to six points on the AUA-SI. 4 Data on a 1 -ARA monotherapy in BPH have indicated the efficacy and tolerability of these agents. [21] [22] [23] [24] A multicenter, randomized, double-blind, placebocontrolled study 21 was carried out to evaluate the safety and efficacy of terazosin in the treatment of BPH. The study design resulted for 24 weeks total time on active drug treatment. One-hundred and sixty-four patients with a diagnosis of BPH based on history, physical examination and digital rectal examination met inclusion criteria for randomization. The trial demonstrated that terazosin significantly increased peak and mean urine flow rates (Po0.001 for both) and did not alter voided volume or post-void residual volume. Terazosin also significantly improved both obstructive and irritative symptoms, which were assessed using the AUA-SI (P ¼ 0.014). 21 A pooled analysis 22 of three double-blind placebocontrolled studies of doxazosin for the treatment of BPH allowed a more robust investigation of the available data with a combined population size of 337. The analysis revealed that doxazosin produced a significantly greater improvement than placebo in peak urinary flow rates (P ¼ 0.0017), symptom severity (Po0.0001) and bother caused by symptoms (Po0.0001). Doxazosin was well tolerated; 10% of the patients discontinued use due to adverse effects compared with 4% of patients in the placebo group (Po0.05). 22 The safety and efficacy of alfuzosin (10 or 15 mg daily) without initial dose titration was investigated in a randomized, double-blind, placebo-controlled trial 23 involving 536 patients. The primary outcome data were improvement in IPSS and peak urinary flow rates. Alfuzosin was significantly more effective than placebo in improving symptoms and peak urinary flow rate. The mean change in IPSS from baseline was significant when compared with placebo; À3.6 and À3.4 for 10 and 15 mg doses, respectively, vs À1.6 with placebo (P ¼ 0.001 for alfuzosin 10 mg; P ¼ 0.004 for alfuzosin 15 mg). The mean increase in peak urinary flow was also significant for both dose groups vs placebo (P ¼ 0.0006 for both). 23 The patients' QoL also significantly improved with both doses of alfuzosin. The incidence of orthostatic hypotension was similar to placebo and there were no clinically relevant ejaculation disorders. The authors concluded that alfuzosin 10 mg daily can be administered safely without dose titration and is efficacious in the treatment of BPH. 23 Another randomized, double-blind, placebo-controlled trial 24 investigated the safety and efficacy of tamsulosin, the first selective a 1 -ARA studied in clinical trials. The group randomized 756 patients to three groups: tamsulosin (0.4 mg daily), tamsulosin (0.8 mg daily) or placebo. There were statistically significant improvements in AUA-SI scores and peak urinary flow (Po0.001 for both). The study demonstrated excellent tolerance to the drug, as the incidence of positive orthostatic test results in the tamsulosin groups was comparable with that in the placebo group. The group concluded that tamsulosin is an effective, safe and well-tolerated drug at both the 0.4 and 0.8 mg daily doses. 
5a-Reductase inhibitors
The 5aRIs, dutasteride and finasteride, are competitive inhibitors of the enzyme 5a-reductase. 5a-reductase is responsible for the conversion of testosterone to its active form, dihydroxytestosterone. Physiologic levels of dihydroxytestosterone permit prostate growth, thus the reduction of dihydroxytestosterone is associated with involution of the epithelial components of the prostate gland. 25 Regression of overall prostate size is seen over the course of weeks to months. 4 Reduction in prostate size relieves LUTS as well as potentially decreases the risk of complications of BPH disease, such as AUR. Patients with larger prostates typically have a greater response to 5aRI therapy compared with those with smaller prostates. 15 Finasteride is the most extensively studied 5aRI and has been found to reduce the risk of AUR and the need for surgical intervention. 4 In the Proscar Worldwide Efficacy and Safety Study, 26 patients with BPH were randomized to receive finasteride or placebo for 2 years. This trial revealed significant benefits in symptom score, as well as reductions in maximum urinary flow rate and prostate volume. The trial also demonstrated a significant decrease in the risk of AUR and progression to surgery.
The Proscar Worldwide Efficacy and Safety Study was further supported by Prostate Long-term Efficacy and Safety Study, a 4-year, randomized, double-blind, placebo-controlled trial, 27 in which finasteride (5 mg d À1 ) significantly decreased the risk of urinary retention (Po0.001) and need for surgery (Po0.001) compared with placebo in men with a larger prostate (455 ml).
In two 12-month, randomized, double-blind, placebo-controlled trials (N ¼ 895 25 and 750 28 ), finasteride (1-50 mg d
À1
) significantly improved symptom scores (Po0.001 and Po0.015, respectively) and peak urinary flow rates (Po0.001 for both). 25, 28 A meta-analysis revealed more modest improvements in men with smaller prostates. 29 Another 5aRI, dutasteride, has also been studied significantly for the treatment of BPH. It has also been shown to reduce the risks for AUR and need for surgery. A randomized, double-blind, placebo-controlled trial 30 investigated the effects of dutasteride treatment (0.5 mg d À1 ) for 24 months in 4325 patients with BPH. The study reported a 57% relative risk for AUR and a 48% relative risk for surgical intervention. Significant reductions in prostate volume and improvements in AUA-SI scores were also demonstrated (Po0.001 for both). 30 Although these agents have been shown to be effective in reducing the AUA-SI and risk for AUR and surgical intervention, they require long-term treatment. The significant reductions in prostate size occurred after 2 months to 1 year of therapy. 4 Other adverse effects include ejaculatory disorder, decreased libido, impotence and gynecomastia. 4 
Antimuscarinic agents
The rationale for the use of antimuscarinic medications in the treatment of BPH is based on the fact that LUTS include OAB symptoms, such as frequency, urgency and incontinence. These symptoms are generally the most bothersome to patients and signify a critical target in the management of BPH. OAB symptoms are attributed to DO, which may be induced by BOO. Bladder contractions are stimulated to occur by the action of acetylcholine on muscarinic receptors in the smooth muscles of the bladder. Antimuscarinic medications, such as tolterodine, flavoxate, propiverine and oxybutynin, 15 are widely used to treat OAB symptoms especially in women, but only recently has their role in treating LUTS secondary to BPH been explored. 31 A complete inhibition of bladder contractions would result in urinary retention, a serious unwanted side effect. However, this occurrence is exceedingly rare with clinically effective dosing of antimuscarinic medications in a highly select cohort with low baseline post-void residual volumes. 32 This risk was addressed in a study in which 221 men with urodynamically confirmed BOO and DO were randomized to tolterodine compared with placebo for 12 weeks. 33 Post-void residual volume increased to a significantly greater extent in the tolterodine group relative to the placebo group ( þ 25 ml), but this was not accompanied by an increase in adverse events. Urinary retention was reported by one patient treated with placebo. Also demonstrated in this study were significant clinical effects in the BOO index (a urodynamic measure of the degree of obstruction), volume to first detrusor contraction and maximum cystometric capacity, favoring tolterodine over placebo. 33 In a multicenter, double-blind, randomized, placebocontrolled trial, 34 tolterodine extended release (ER) was studied relative to placebo and to the immediate-release formulation for the treatment of OAB. The group randomized 1529 patients (81% women) with urinary frequency to the three groups. Efficacy was assessed using micturition diary variables. Both of the tolterodine formulations significantly reduced the mean number of urge incontinence episodes per week when compared with placebo (P ¼ 0.00001 and P ¼ 0.0005, for ER and immediate release, respectively). The ER formulation was more effective than the immediate-release formulation (Po0.05). The most frequent adverse effect was dry mouth, but rates of withdrawal were comparable for the two active treatment groups and the placebo group. It was concluded that tolterodine ER 4 mg daily is effective and well tolerated in the treatment of OAB with no safety concerns. 34 Another group studied the efficacy of solifenacin in a multicenter, randomized, double-blind, placebo-controlled trial 35 involving 911 patients with OAB. Micturitions per 24 h were statistically significantly decreased with solifenacin 5 mg (À2.37, P ¼ 0.0018) and solifenacin 10 mg (À2.81, P ¼ 0.0001), as compared with placebo (À1.59). Episodes of urgency were also statistically significantly reduced, and reduction of nocturia was significant with the 10 mg dose. Dry mouth was reported in 7.7% of patients receiving solifenacin 5 mg and 23% of patient receiving solifenacin 10 mg (vs 2.3% with placebo). In this study, solifenacin 5 mg daily significantly improved all of the major symptoms of OAB including frequency, urgency and incontinence. Solifenacin was associated with a low adverse effect profile, especially at the 5 mg dose. 35 
Phosphodiesterase type 5 inhibitors
Lower urinary tract symptoms and sexual dysfunction are highly prevalent in aging men, and both conditions have a significant impact on overall QoL. Male sexual dysfunction may manifest as hypoactive sexual disorder, EjD, ED or a combination of all these conditions. LUTS is an independent risk factor for and significant predictor of ED after controlling for other risks (for example, age, diabetes, hypertension, cardiac disease, hypercholesterolemia, stroke, physical activity, smoking and depression). 36 In addition, many currently available therapies for LUTS due to BPH affect sexual function as discussed earlier. Recently, PDE5Is, traditionally used to treat ED, have demonstrated the ability to improve LUTS in multiple studies.
Four randomized placebo-controlled studies sought to elucidate the relationship between PDE5Is and LUTS, utilizing sildenafil, vardenafil and tadalafil twice, respectively. The study 37 investigating sildenafil utilized a 12-week, double-blind, placebo-controlled approach in 369 men, 45 years or older, who had International Index of Erectile Function (IIEF) scores o26 (on EF domain) and IPSS scores 411. The 189 men receiving sildenafil had significant improvement of IPSS when compared with the 180 men on placebo (À6.32 vs À1.93, Po0.0001).
37
The vardenafil study 38 included 222 men aged 45-64 years who had an IPSS 411 at the time of randomization. They underwent 8 weeks treatment of vardenafil 10 mg twice daily or placebo. No history of ED was required for inclusion in the study. Vardenafil treatment resulted in a significantly lower IPSS score when compared with placebo with a decrease in IPSS of 2.2 greater than placebo (16.8-11 in treatment arm and 16.8-13.2 in the placebo arm, P ¼ 0.0013). A significant improvement was noted in QoL, irritative and obstructive IPSS subscores, as well as IIEF scores in the treatment group. 38 The study performed utilizing tadalafil likely yields more reliable findings, given its trial design. 39 Following a 4-week, single-blind, placebo run-in, 281 men were randomly assigned to tadalafil 5 mg daily for 6 weeks, followed by dose escalation to 20 mg for 6 weeks or 12 weeks of placebo. Subjects were aged 45 years or older and had IPSS scores X12 secondary to BPH for at least 6 months. Tadalafil significantly improved the mean change of IPSS scores at 6 weeks over placebo (À2.8 vs À1.2 for placebo), at 12 weeks (À3.8 vs À1.8 for placebo) and with inclusion of the placebo run-in at 12 weeks (À7.1 vs À4.5 for placebo). Significant improvements were seen in obstructive and irritative IPSS domains, QoL index and IIEF scores. 39 A recent well-designed and powered study was published that demonstrated a profound impact of tadalafil on LUTS using a dose-ranging design. 40 In this randomized, double-blind, placebo-controlled, parallel-group, global study, 4 1058 men were randomly assigned to placebo or one of four tadalafil daily dosing regimens (2.5, 5, 10 and 20 mg) for 12 weeks. Subjects were aged 45 þ , had IPSS 412 from BPH for 6 months and a Qmax of 4-15 ml s À1 . After a 4-week, single-blind, placebo run-in, men were stratified by baseline IPSS (o20 vs X20), baseline uroflow parameters, ED history (o3 months vs X3 months) and geographic region. The main end point of the studies revealed a significant improvement in IPSS in the 5 mg group with a change of 4.9 vs 1.8 (Po0.05). Increase in tadalafil dose to greater than 5 mg showed similar improvements in IPSS scores, but had a higher incidence of adverse side effects. 40 All four studies consistently demonstrated that PDE5Is significantly improve IPSS scores when compared with placebo. The magnitude of IPSS improvement observed was comparable with results reported in previous a-blocker studies. However, a head-to-head randomized controlled trial is required to definitively state that treatment effects are truly comparable.
Combination therapy: a 1 -ARAs with 5aRIs
Combining the available pharmacologic classes in the treatment of LUTS due to BPH allows the patient to derive the benefits from each class, thus potentially maximizing treatment response. The AUA currently recommends the use of 5aRIs in combination with a 1 -ARAs for patients with moderate-tosevere symptoms and enlarged prostates.
1 Early short-term trials comparing combination a 1 -ARA/ 5aRI therapy with a 1 -ARA alone found no significant benefits, and as a result combination therapy was not utilized until recently. 4 The MTOPS study 41 was a long-term double-blind study of 3047 men that was undertaken to determine whether monotherapy with the a 1 -ARA doxazosin 4-8 mg d
À1 or the 5aRI finasteride 5 mg d
À1
, or therapy with the two agents combined, could delay or prevent the progression of symptomatic BPH. The study found that the risk of overall clinical progression, defined as an increase of at least four points in the AUA-SI, AUR, urinary incontinence, renal insufficiency or recurrent urinary tract infection, was significantly reduced by doxazosin (39% risk reduction, Po0.001) and by finasteride (34% risk reduction, P ¼ 0.002) as compared with placebo. 41 Importantly, the reduction in risk associated with combination therapy (66% compared with placebo, Po0.001) was significantly greater than that associated with doxazosin (Po0.001) or finasteride (Po0.001) alone. 41 Combination therapy and finasteride also significantly reduced the risk of AUR and the need for invasive therapy (Po0.001 for both), but not for doxazosin. Doxazosin (Po0.001), finasteride (P ¼ 0.001) and combination therapy all resulted in a significant improvement in symptom scores, with combination therapy being superior to either agent alone. Adverse effects including dizziness, postural hypotension, asthenia and ED were significantly more common in the combination group when compared with the placebo group (Po0.05). 41 The randomized, double-blind, placebo-controlled Symptom Management After Reducing Therapy (SMART) trial 42 investigated how the combination of an a 1 -ARA (tamsulosin) with a 5aRI (dutasteride), followed by withdrawal of tamsulosin, would affect LUTS due to BPH. The two classes differ greatly in terms of the onset of action; 5aRIs require several months to achieve clinical efficacy, whereas a 1 -ARAs have a relatively rapid onset of action. 4 In addition, the two classes differ in their area of effectiveness; a 1 -ARAs provide symptomatic relief and 5aRIs have been found to reduce prostate volume and risk of complications. 4 These two differences were the basis for the study rationale.
In the SMART study, 327 patients with BPH were randomized to receive either the combination of tamsulosin (0.4 mg d À1 ) and dutasteride (0.5 mg d À1 ) for 36 weeks (DT36) or the combination therapy for 24 weeks, followed by 12 weeks of dutasteride monotherapy plus placebo (DT24 þ D12). 42 The efficacy of the treatment was assessed between weeks 24 and 30 by asking the patients the following question: 'Over the past 2 weeks, on average have you felt better, worse or the same with respect to your urinary symptoms than at your last visit?' In the DT36 group, 91% of patients reported feeling the same or better between weeks 24 and 30, whereas 77% of the DT24 þ D12 group reported feeling the same or better (P ¼ 0.001). 42 The group concluded from the SMART study 42 that it is possible to discontinue the a 1 -ARA from therapy in a majority of the patients, but patients with severe symptoms may benefit from longer term combination therapy. Although the data from this study suggest that withdrawal of a 1 -ARA may be possible, it is evident from data from the MTOPS trial 41 that 5aRI and a 1 -ARA combination therapy may take 2-3 years to reach full clinical efficacy in preventing AUR and progression of disease. The short duration of the SMART trial was not sufficient for evaluating the true efficacy of combination therapy.
The Prospective European Doxazosin and Combination Therapy (PREDICT) trial 43 was a 1-year, randomized, double-blind, placebo-controlled trial evaluating the a 1 -ARA doxazosin (1-8 mg d À1 ), the 5aRI finasteride (5 mg d À1 ) and their combination in 1095 men with BPH. Primary end points were the changes in IPSS and peak urinary flow rates. The groups receiving doxazosin monotherapy and the doxazosin plus finasteride combination therapy saw significant improvements in IPSS when compared with finasteride monotherapy and placebo (Po0.001 for both). 43 The results for peak urinary flow were similar: doxazosin and combination therapy were both superior to finasteride monotherapy (Po0.01 for both) and to placebo (Pp0.001 for both), but did not differ significantly from each other. Finasteride and placebo did not differ significantly in their effects on peak urinary flow rates. 43 Similar to the SMART trial, 42 the PREDICT trial 43 was restricted by the short duration of therapy, which was likely not adequate to demonstrate the advantages of combination therapy.
The PREDICT trial 43 was also similar in design to an earlier critical trial conducted by the Veterans Affairs Cooperative Studies Benign Prostatic Hyperplasia Study Group. 44 This randomized placebocontrolled trial examined the efficacy of the a 1 -ARA terazosin and the 5aRI finasteride individually and in combination in patients with LUTS due to BPH. The group concluded that terazosin was an effective therapy for BPH, but finasteride was not, and the combination of terazosin and finasteride was not more effective than terazosin alone. The trial was similar to the PREDICT trial 43 in its population size (N ¼ 1229) and its short duration of 1 year. Again, 1 year is not a sufficient duration of time to show significant 5aRI efficacy. In addition, the Veterans Affairs trial did not stratify patients by prostate size nor did they require a threshold level of prostatic enlargement. As discussed earlier, 5aRIs appear to be more efficacious in men with larger prostates. The mean baseline prostatic volume in the finasteride group of the Veterans Affairs trial was only 36.2 cc. 44 The Prostate Long-term Efficacy and Safety Study trial 27 showed that finasteride significantly decreased the risk of AUR and the need for surgery in men with a prostate volume larger than 55 cc. Symptom relief was the main focus of the Veterans Affairs trial; thus, it was not designed to demonstrate the key benefits of 5aRIs in the prevention of disease progression.
The Combination of Avodart and Tamsulosin study 45 is an ongoing, randomized, double-blind (non-placebo-controlled) clinical trial investigating the long-term outcomes of the use of the a 1 -ARA tamsulosin and the 5aRI dutasteride alone and in combination for the treatment of LUTS. In all, 4844 men with moderate-to-severe LUTS and prostate enlargement 30 cc or greater were randomized to receive tamsulosin alone (0.4 mg d À1 ), dutasteride alone (0.5 mg d À1 ) or combination therapy for 4 years. The results at 2 years have been published. 45 The primary end point was the change in IPSS score from baseline. Combination therapy resulted in a significantly greater decrease in IPSS score when compared with either dutasteride alone or tamsulosin alone. There was also a significant increase in drug-related adverse events with combination therapy vs monotherapies, but 5% or less of the men in each treatment group withdrew due to these events. Adverse events that were more common in the combination group than in either monotherapy group were ED, altered libido, ejaculatory disorders and nipple pain. 45 Combination therapy: a 1 -ARAs with antimuscarinic agents Antimuscarinic medications have also recently been studied in combination with a 1 -ARAs. Again, combination therapy allows the beneficial effects of each class to work together in alleviating LUTS. 15 Antimuscarinics work primarily on DO, thus preventing uninhibited bladder contractions. As DO is thought to contribute to symptoms in 40-70% of patients with BOO, 6 it is rational to expect that combination therapy with an a 1 -ARA and an antimuscarinic would alleviate LUTS and improve QoL. 46 A study 46 of 50 men with urodynamically proven mild or moderate BOO and DO investigated the use of an a 1 -ARA (tamsulosin) in combination with an antimuscarinic (tolterodine). Patients were initially treated with tamsulosin (0.4 mg d À1 ) for 1 week. Patients were then randomized to either continue tamsulosin alone or to continue tamsulosin with tolterodine (2 mg d À1 ). Patients were evaluated with a QoL questionnaire and urodynamic studies after 3 months of therapy. The study identified a statistically significant improvement in QoL scores only in the combination therapy group. There were significant differences in both groups after treatment for maximum flow rate and volume at first contraction. Statistically significant differences in maximum detrusor pressure and maximum unstable contraction pressure were present only in the combination therapy group. 46 Another group randomly assigned 211 men with OAB and urodynamically proven BOO to receive doxazosin controlled release 4 mg d À1 or doxazosin controlled release 4 mg d
plus propiverine hydrochloride controlled release 20 mg d À1 for a duration of 8 weeks. 47 Improvement was significantly greater in the combination group compared with the doxazosin controlled-release only group for urinary frequency (P ¼ 0.004), average micturition volume (P ¼ 0.004), storage symptoms (P ¼ 0.029) and urgency severity (P ¼ 0.019). Post-void residual volume was also increased significantly in the combination group ( þ 20.7 ml), but there were no reports of AUR. 47 Patient satisfaction rates were significantly higher in the combination group than in the doxazosin monotherapy group (P ¼ 0.002). The odds of a patient reporting a treatment benefit were 2.34 times higher in patients receiving propiverine hydrochloride and doxazosin than in those receiving doxazosin alone (95% CI, 1.21-4.52). 47 A randomized, double-blind, placebo-controlled trial 48 involving men with both OAB and BPH was executed to evaluate the efficacy and safety of
The role of combination medical therapy in BPH KA Greco and KT McVary tolterodine ER alone, tamsulosin alone or both together. In all, 879 men were randomly assigned to one of four groups: placebo, tolterodine ER (4 mg d À1 ), tamsulosin (0.4 mg d À1 ) or both tolterodine and tamsulosin. 48 After 12 weeks of treatment, significantly more men receiving combination therapy reported treatment benefits compared with placebo (Po0.001). Combination therapy was also more effective than tolterodine alone (P ¼ 0.001), but the comparison with tamsulosin alone was not statistically significant (80.0 vs 70.5%, P ¼ 0.064). Treatment efficacy for OAB symptoms was assessed using data from bladder diaries. Combination therapy significantly reduced all bladder diary variables at week 12 when compared with placebo. Patients in the tolterodine ER group compared with placebo experienced significant reductions in only urgency incontinence episodes at week 12 (P ¼ 0.008). There were no significant differences between tamsulosin monotherapy and placebo for any of the bladder diary variables. 48 In another study, 49 191 men with LUTS associated with BPH were treated with terazosin (2 mg d
) for 1 week. All subjects then underwent urodynamic testing and were excluded from the study if they had a post-void residual volume greater than 50 ml or a peak urinary flow rate less than 10 ml s
. The patients who met the inclusion criteria and also had continued LUTS were randomized to receive either terazosin alone or terazosin in combination with tolterodine (2 mg twice daily). 49 After 6 weeks of treatment, there was a significant reduction in symptoms as measured by IPSS in both the groups, with the combination group's reduction significantly greater than the terazosin alone group (Po0.01). The peak urinary flow rate was increased from baseline in both groups, but did not differ significantly between groups. The post-void residual volume was not significantly different in the terazosin group and was interestingly reduced in the combination group (À3.9 ml, P ¼ 0.016), but did not differ significantly between groups. The frequency of adverse effects was higher in the combination group, with the most common effect being dry mouth. 49 The role of combination therapy in patients with BPH
The available data suggest that combination therapy can be beneficial in the treatment of BPH and associated LUTS. The a 1 -ARA and 5aRI combination was shown to be significantly effective in several trials; however, only the MTOPS and Combination of Avodart and Tamsulosin trials demonstrated that combination therapy was more effective than either monotherapy. 41, 45 In spite of this, MTOPS and Combination of Avodart and Tamsulosin were also the only trials with durations and designs to reasonably evaluate a significant long-term efficacy. The SMART trial 42 was designed to answer whether an a 1 -ARA could be removed from combination therapy and was only 36 weeks in duration. The PREDICT trial 43 was restricted by small population size and by short duration, which may have prevented recognition of the full efficacy of the 5aRI. It has also been shown that the 5aRIs are beneficial in preventing the progression of BPH. Patients with larger prostate size and more severe symptoms appear to derive additional benefit from the combination of a 1 -ARAs and 5aRIs. 4 Currently, the AUA Practice Guidelines recommend combination therapy for patients with LUTS associated with demonstrable prostatic enlargement to reduce the risk of disease progression (Figure 1 ). 1 Figure 1 Choosing treatment options for lower urinary tract symptoms.
The combination of a 1 -ARAs with antimuscarinic agents appears to be useful for relieving symptoms of BOO and DO in a highly select group. 15 Theoretic concerns regarding the risk of AUR have been refuted in several recent clinical trials, but given the exclusion criteria, the application to the LUTS/ BPH population at large may be doubtful. [46] [47] [48] [49] Although the post-void residual urine volume appears to increase with the use of antimuscarinics, this has not been shown to be clinically significant. Significant reductions in IPSS scores as well as more subjective treatment benefits were demonstrated in several trials. Men with OAB and BPH who are not receiving adequate alleviation of symptoms from the first-line a 1 -ARAs may benefit from the addition of an antimuscarinic agent. Before beginning therapy, a post-void residual volume should be measured to exclude baseline urinary retention, as the clinical trials excluded men with post-void residual volumes greater than 30-40% of cystometric maximum or 50-200 ml. 15 Thus, the safety in patients with baseline urinary retention is not known.
Overall paradigm of LUTS and sexual function
Lower urinary tract symptoms and sexual dysfunction are highly prevalent in aging men. It is well established that both LUTS and ED independently reduce QoL. Four explanations that partially overlap each other with a variable amount of supporting data have been proposed to explain the LUTS and ED relationship that has been demonstrated in multiple studies. The four theories are (1) decreased or altered nitric oxide synthase/nitric oxide levels in the prostate and penile smooth muscle; (2) autonomic hyperactivity effects on LUTS, prostate growth and ED; (3) increased Rho-kinase activation/endothelin activity; and (4) prostate and penile atherosclerosis. 20 Sexual problems related to LUTS are not limited to ED and may include decreased libido and EjD as well. In addition, many currently available treatments (medical and surgical) for one disease affect the other. PDE5Is seem to exert their positive effect to a greater degree on detrusor activity rather than directly on the prostate. 20 The future use of PDE5Is as prophylaxis for LUTS or as a primary treatment for LUTS or OAB is emerging as a possibility, especially in patients with concurrent ED.
Conclusions
The available data suggest that there is a place for combination medical therapy in the treatment of men with LUTS due to BPH. Evidence suggests that the combination of a1-ARAs with 5aRIs may be more beneficial than monotherapy in the prevention of progression and complications of BPH, especially in men with larger prostate size, more severe symptoms and higher prostate-specific antigen levels. In addition, the combination of a 1 -ARAs with antimuscarinic agents may also be useful in the treatment of LUTS associated with BPH. Although trials suggest that AUR is an exceedingly rare complication, the drugs were assessed in a highly select cohort of patients and the true safety of antimuscarinics in the general population of patients with BPH is unknown. Combination therapy with a 1 -ARAs and antimuscarinics may be useful in patients without baseline urinary retention who have symptoms that are not alleviated by traditional therapy. Further research must be performed to determine the long-term benefits and risks of combination therapy with antimuscarinics in the general population of men with BPH. Recently, studies have brought attention to a link between LUTS due to BPH and sexual function. PDE5Is may have a place in the treatment of LUTS in the future.
